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ABSTRACT 
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The present invention provides a Content Addressable Memory (CAM) cell providing 
improved speed and enhanced reliability, by means of an arrangement that enables maximal 
conduction of one of the output series pass transistors in the case of a data mis-match during 
a search operation thereby producing a minimal voltage drop, low impedance path for 
charging the bootstrap capacitance at the enabled output controlled switch, and causes one of 
the series pass transistors to conduct for discharging the bootstrap capacitance at the 
beginning of the precharge period of the bit lines. 
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AN IMPROVED. CONTENT ADDRESSABLE MEMORY CELL ARCHITECTURE 
Field of the Invention 

The invention relates to an improved content addressable memory (CAM) cell architecture. 
Background of the invention 

Content Addressable Memory (CAM) gets its name from the fact that a data word is selected 
or identified by its contents rather than by its physical address. In other words, a CAM is a 
memory that can be instructed to compare a specific pattern of comparand or reference data 
with data stored in the CAM array. The entire CAM array is searched in parallel for a match 
with the comparand data. CAMs are used in a variety of applications, such as sorting large 
databases, pattern-matching for image processing and voice recognition and cache systems of 
high speed computing systems. CAM cells are becoming increasingly popular in high-speed 
network routers and many other applications known in the art of computing. 

A standard content addressable memory comprises an array of individual CAM cells. Each 
CAM cell consists of a data storage unit and comparison circuitry. A CAM cell can store a 
single bit of data and can compare the stored bit with a comparand or reference bit during a 
search operation. 

In a common implementation, each row represents a different word of maximum length equal 
to the total number of columns in CAM array. During the comparison operation, if all the 
reference bits match the corresponding stored data bits, a match is deemed to be achieved 
otherwise the match operation is failed. An indicator, commonly known as a Match Line 
(ML), associated with each stored word indicates a match or mismatch, which can be 
detected by a sense amplifier or any other sensing means connected to each ML. 

To compare and combine the results of multiple cells of a row several approaches are used 
one of which is a NAND configuration, wherein the ML driver devices (pass transistors) of 
all the cells belonging to a word are connected in series. This NAND configuration consumes 
less power but is inherently slower than desired for CAMs used in modern deep-sub micron 
processes where supply voltage is continually decreasing. 
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In another common implementation, a NOR configuration is used for high-speed CAMs, 
wherein the ML driver devices (pass transistors) of all the. cells belonging to a word are 
connected in parallel to pull down an initially precharged (at logical "High") ML during the 
SEARCH operation. With this NOR configuration, a match for a word occurs whenever no 
cell of the row drives ML "low". This NOR configuration is faster than a NAND 
configuration but consumes considerably larger power. 

Throughout this disclosure, logical "1" refers to and is interchangeable with a logical "High" 
corresponding to a voltage V DD , while logical "0" refers to and is interchangeable with a 
logical "Low" corresponding to GND. Figurel illustrates a prior art 9-transistor CAM cell 
100 with NOR configuration. The CAM cell 100 includes an SRAM cell for data storage, 
comprising a pair of cross-coupled inverters formed by transistors 111, 112, 113 and 114 and 
a pair of access transistors 115 and 116. The comparison circuitry of the CAM cell 100 com- 
prises a pair of pass transistors 117 and 118. The conducting terminals of the pass transistor 
113 and 111 are connected in series between the supply voltage V DD and ground GND while 
the control terminals are connected to the common conducting terminals F of the pass 
transistors 114 and 112. The conducting terminals of the pass transistor 114 and 112 are also 
connected in series between V DD and GND while the control terminals are connected to the 
common conducting terminals T of the pass transistors 113 and 111. The conducting 
terminals of pass transistors 115 and 116 connect nodes T and F to the corresponding bit 
lines BLT and BLF while the control terminals are connected to word line WL The pass 
transistors 117 and 118 are connected in series between bit lines BLT and BLF and the 
common node is labeled as the Bit-Match node. The control terminals of transistors 117 and 
118 are coupled to nodes F and T, respectively. Pass transistor 119 is coupled between ML 
and ground GND and its control terminal is connected to the Bit-Match node of the CAM 
cell. 

The READ and WRITE operations of this CAM cell 100 are the same as those of a standard 
6-transistor SRAM cell, wherein the precharge state of bit lines BLT and BLF is logical 
"High*'. During the SEARCH operation, bit lines BLT and BLF are initially precharged to 
logical "Low" and ML is precharged to logical "High". Then the comparand bit is placed on 
BLT and its complement is placed on BLF. If the comparand bit matches with the data bit 
stored in the CAM cell, then one of the pass transistors 117 or 118 drives the Bit-Match node 

to logical "0" and therefore ML remains at logical "High", indicating a match. On the other 

3 



V 1 " 



O2-IND-380 



hand, if there is a mismatch between the applied comparand bit and the data bit stored in the 
CAM cell, then one of the pass transistors 117 or 118 drives the Bit-Match node to "V DD - 
Vtn", thereby turning the pull-down transistor 119 on and pulling down ML indicating a 
mismatch. 

The CAM cell 100 requires a precharge to logical "Low" operation for bit lines and a 
precharge to logical "High" operation for ML when a SEARCH operation is requested if the 
default standby state is for a READ or a WRITE operation. Conversely, if the CAM cell 100 
is ready for a SEARCH operation in its default standby state, then the bit lines must be 
precharged to logical "High" and ML is thereby discharged when a READ or WRITE 
operation is requested. It is known that both bit lines and ML impose a heavy capacitive load 
on their drivers and prechargers. Therefore, CAM cell 100 consumes more power and 
provides larger READ/WRITE/ SEARCH access times. 

Figure 2 illustrates another prior art 9-transistor CAM cell 200 using a NOR configuration, 
wherein the only difference between the CAM cell 100 and 200 is that the CAM cell 200 is 
provided with dedicated lines CBLT and CBLF for the search operation as shown in the 
figure. Thus, CAM cell 200 provides more flexibility in the timing of READ, WRITE and 
SEARCH operations but at the cost of hardware overhead required for controlling the 
dedicated compare bit lines CBLT and CBLF. 

Figure 3 illustrates another prior art 9-transistor CAM cell 300 with NOR configuration in 
accordance with the US 5446685 using pulsed ground technique to reduce the power 
consumption in comparison to conventional NOR configured CAM cells. The pull-down 
device to drive the ML to a logical "Low" during a mismatch is a pass transistor 319. The 
pass transistor 319 is connected between ML and a Search Enable Line and its gate is 
connected to the Bit-Match node. The Search Enable Line pulsed to ground only during the 
SEARCH operation. The CAM cell 300 has a single standby state for READ, WRITE and 
SEARCH operations, leading to higher speed operations by eliminating precharge operations 
at the start of the cycles and to lower power consumption because there is no standby state 
charige between READ/WRITE and SEARCH operations. 

There are however, a number of disadvantages associated with CAM cell 300. These 

disadvantages can be explained by describing the SEARCH access cycle. Suppose a CAM 
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cell stores a logical "0", that is, node T is at logical "0" and node F is at logical "1". In the 
standby state, bit lines BLT and BLF, Search Enable Line and ML will be precharged to 
logical "1". Since the control terminal of the pass transistor 317 is connected to node F, 
which is at logical "1", therefore the transistor 317 will be ON and will drive the Bit-Match 
node to voltage "V DD -V«„". On the other hand, the pass transistor 318 will be OFF as its gate 
is connected to node T that is at logical "0". When a SEARCH is requested, the comparand 
bit and its complementary bit are placed on bit lines BLT and BLF respectively. 
Simultaneously, the Search Enable Line is provided a pulsed ground. Now, due to 
bootstrapping, the gate-to-source capacitance (Cgs) of the pull-down transistor 319 tends to 
decrease the voltage at Bit-Match node as the Search Enable Line rapidly switches from 
logical "High" to logical "Low". Consequently one of the following two cases can occur: 

In the first case, the comparand bit matches the stored data bit, that is BLT and node T are at 
the same logic state and similarly, BLF and node F are at the complement of the logical state. 
One of the pass transistors 317 or 318 (317 in this case as node F is at logical "1") drives the 
Bit-Match node to full logical "0" and therefore ML remains at logical "High" indicating 
that a match has been detected. 

In the second case, there is a mismatch between the comparand bit and stored data bit, that is 
BLT and node T are at opposing logical values. One of the transistors 317 or 318 (317 in 
this case as node F is at logical "1") drives the Bit-Match node to "V DD -V to '\ thereby turning 
ON the pass transistor 319. Thus, pass transistor 319 begins to pull-down the ML, indicating 
a mismatch. In the mismatch condition, the Bit-Match node initially observes a downward 
spike due to bootstrapping, described above, before settling at "V D D-V to " as it is being driven 
by one of the pass transistors 317 or 318. Thus, in the mismatch condition, the voltage at the 
Bit-Match node remains essentially less than "\WVtn" and hence, discharging of ML 
through the pass transistor 319 is slower than what is expected if the Bit-Match node were at 
VDD. Since the search access time in a NOR-configured CAM cell is mainly determined by 
the discharge of ML (No discharge of ML in match condition, which is same as the 
precharge state of ML), therefore search access time is large in this type of implementation. 
Moreover, as the supply voltages being utilized are decreasing in current designs, a slight 
change in voltage can significantly affect the performance of a device. 
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As soon as the SEARCH operation is over, bit lines BLT and BLF, Search Enable Line and 
ML return to the respective standby states (logical "High" for all). As the Search Enable 
Line rapidly switches from logical "Low" to logical "High", it causes the bootstrapping to 
occur again at Bit-Match node, this time in the opposite direction. This results in two cases: 

In the first case, if there was a match during the SEARCH operation, then the voltage at Bit- 
Match node is "0", after the SEARCH operation rises only up to its standby state value of 

"Vdd-V*". 

In the second case, if there was a mismatch during the SEARCH operation, the voltage at the 
Bit-Match node would be "Vdd-V,„". Furthermore, this voltage "V D D-V ta " rises beyond V DD 
due to the bootstrapping after the SEARCH operation. In fact, the voltage at Bit-Match node 
reaches a value of "(2V DD )-V m " and remains at this value until the next SEARCH cycle starts 
because both the pass transistors 317 and 318 become OFF. Thus, until the next SEARCH 
cycle starts, the pass transistor 317 has terminal voltages "V DD " and "(2V DD )-V ta " with the 
gate at "V D d" (voltage at node F) and similarly the pass transistor 318 has terminal voltages 
"V DD " and "(2V DD )-V tn " with the gate at "0" (voltage at node T). Thus, the drain-to-gate 
voltage of the pass transistor 318 is at "(2V DD )-V ta " and the voltage across the reverse biased 
drain-to-substrate diode is at "(2V DD )-V m ", which could degrade the device. A similar 
situation occurs with the pass transistor 317 in a cell in which node T is at logical "1" and 
node F is at logical "0" and a mismatch occurs in that cell. This logical "High" voltage 
(which is greater than a normal full logical "High") at the gate of the pull-down transistor 319 
degrades the gate-oxide. If the mismatch spreads over several SEARCH cycles, which 
normally happens in CAM arrays, the bootstrapping becomes a severe problem. 

The bootstrapping that occurs within each CAM cell at the Bit-Match node slows the 
discharging of ML and hence reduces the speed of SEARCH operation and also results in 
higher than normal degradation rates of the transistors involved. The above problems with the 
bootstrapping become increasingly significant in sub-micron technologies. 

These limitations highlight the need for a CAM cell implementation that offers faster 
SEARCH operation at lower power consumption and improves reliability. 

6 



THIS PA61 BLANK (Uspto) 



V 02-INDO80 



Object and summary of the invention 

The object of the invention is to obviate the above drawbacks in the prior art and provide a 
CAM cell with improved performance, lower power consumption and increased device 
reliability. 

Another object of the invention is to provide an improved CAM cell capable of working with 
designs in which the supply voltage levels and fabrication process sizes are decreasing. 

Further object of the instant invention is to provide a CAM cell implementation that 
eliminates bootstrapping at the Bit-Match node of the CAM cell and thereby avoids possible 
degradation of devices involved and improves device reliability. 

-* 

To achieve said objectives this invention provides a Content Addressable Memory (CAM) 
cell providing improved speed land enhanced reliability, comprising: 
' a data latch with complementary data terminals, 

a pair of complementary data lines that provide data connectivity with the data 

latch during read, write and search operations, 

a pair of input controlled switches that selectively couple the data latch 
terminals to the complementary data lines during read or write operations, 
a pair of output series pass transistors, each having its control terminal 
connected to a separate terminal of the data latch, one of its main terminals 
connected to a separate bit line, and the second main terminal connected to the 
corresponding terminal of the other series pass transistor, 
a Match Output signal line that identifies a match/no-match at the end of a 
Search operation, 

an output controlled switch having its control terminal connected to the 
common main terminal of the series pass transistors, while one of its main 
terminals drives the Match Output signal line to provide the result of the 
search operation, and 

a Search Enable signal line that enables the output controlled switch only 

during the search operation, 

the arrangement being such that during the search operation neither of the output 

series pass transistors conducts if the complementary bit line data matches the data 

latch outputs, one of the output series pass transistors conducts maximally providing a 
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minimal voltage drop and a low impedance charging path for the bootstrap 
capacitance at the enabled output controlled switch when the complementary bit line 
data does not match the latch data, and one of the series pass transistors conducts to 
discharge the bootstrap capacitance at the beginning of the precharge period of the 
complementary bit lines. 

The output series pass transistors are P-channel MOS transistors with a relatively low 
threshold voltage, and the output controlled switch is an n-channel MOS transistor with a 
relatively high threshold voltage, and the complementary bit lines are precharged to a "high" 
level. 

The present invention also provides a method for providing a Content Addressable Memory 
(CAM) cell offering improved speed and enhanced reliability, comprising the steps of: 

providing a data latch with complementary data terminals, 
.supplying a pair of complementary data lines that provide data connectivity 

with the data latch during read, write and search operations, 

selectively coupling the data latch terminals to the complementary data lines 

during read or write operations, 

connecting the control terminal of each of a pair of output series pass 
transistors to a separate terminal of the data latch, one of its main terminals to 
a separate bit line, and the second main terminal to the corresponding terminal 
of the other series pass transistor, 

providing a Match Output signal line that identifies a match/no-match at the 
end of a Search operation, 

connecting the control terminal of an output controlled switch to the common 
main terminal of the series pass transistors, while one of its main terminals 
drives the Match Output signal line to provide the result of the search 
operation, and 

supplying a Search Enable signal line that enables the output controlled switch 

only during the search operation, 

the arrangement being such that during the search operation neither of the output series pass 

transistors conducts if the complementary bit line data matches the data latch outputs, one of 

the output series pass transistors conducts maximally providing a minimal voltage drop and a 

low impedance charging path for the bootstrap capacitance at the enabled output controlled 

8 



y - 



THIS PA61 BLANK (USPTO) 



,024ND-380 



switch when the complementary bit line data does not match the latch data, and one of the 
series pass transistors conducts to discharge the bootstrap capacitance at the beginning of the 
precharge period of the complementary bit lines. 

Brief Description of the Accompanying Drawings 

The invention will now be described in accordance with the accompanying drawings. 

Figure 1 shows the schematic diagram of a conventional 9-transistor CAM cell. 

Figure 2 shows the schematic diagram of another conventional 9-transistor CAM cell 
having dedicated compare data lines. 

Figure 3 shows the schematic diagram of yet another conventional 9-transistor CAM cell 
using pulsed ground technique for SEARCH operation. 

/•■ 

Figure 4 shows the schematic diagram of the 9-transistor CAM cell in accordance with the 
first embodiment of the instant invention. 

Figure 5 shows the schematic diagram of the 9-transistor CAM cell in accordance with the 
second embodiment of the present invention. 

Detailed description 

Figures 1, 2 and 3 have already been described in the background to the invention. 

Figure 4 shows a CAM cell 400 according to the instant invention. The CAM cell 400 
includes an SRAM cell for data storage, comprising a pair of cross-coupled inverters formed 
by the pass transistors 411, 412, 413 and 414 and a pair of access transistors 415 and 416. 
The comparison circuitry of the CAM cell 400 comprises a pair of pass transistors 417 and 
418; C ... r " - 

The conducting terminals of the pass transistors 413 and 411 are connected in series between 
supply voltage V D d and ground GND while the control terminals are connected to the 
common conducting terminal F of the pass transistors 414 and 412. Further, the conducting 
terminals of the pass transistors 414 and 412 are connected in series between supply voltage 
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Vdd and ground GND while the control terminals are connected to the common conducting 
terminal T of the transistors 413 and 411. The pass transistors 415 and 416 connect 
respective nodes T and F to respective bit lines BLT and BLF and word line WL connects 
the control terminals of pass transistors 415 and 416. The conducting terminals of the pass 
transistors 417 and 418 are connected in series between bit lines BLT and BLF while the 
common node is labeled as Bit-Match node. The control terminals of the pass transistors 417 
and 418 are coupled to nodes T and F, respectively. The pull-down transistor 419 is coupled 
between ML and a Search Enable Line while its control terminal is connected to Bit-Match 
node of the CAM cell. The Search Enable Line is provided a pulsed ground only during the 
SEARCH operation. 

-■A 

The READ and WRITE operations of the CAM cell 400 of the invention are exactly similar 
to those of a standard 6-transistor SRAM cell. The SEARCH operation of the CAM cell 400 
of the invention is described in detail below: 

Assume a CAM cell is in logical "0" state, that is node T is at logical "0" and node F is at 
logical "1". In the standby state, both bit lines BLT and BLF, Search Enable Line and ML 
are precharged to logical "1". Since the control terminal of the pass transistor 417 is 
connected to node T, which is at logical "0", transistors 417 is ON and drives the Bit-Match 
node to V DD> that is, to fall logical "High". On the other hand, pass transistor 418 is OFF as 
its control terminal, connected to node F, is at logical "1". When the SEARCH is requested, 
the comparand bit and its complementary bit are placed on bit lines BLT and BLF, 
respectively. Search Enable Line is provided a pulsed ground The bootstrapping effect of 
the gate-to-source capacitance (Cgs) of the pull-down transistor 419 tends to decrease the 
voltage at Bit-Match node as the Search Enable Line rapidly switches from logical "High" 
to logical "Low". This behavior results in two possible scenarios: - 

The first scenario arises when there is a mismatch between the comparand bit and stored data 

bit. In this case, BLT and node. F are at the same logic state and BLF and node T are at the 

complement of that logic state. One of the transistors 417 or 418 (417 in this case as node T 

is at logical "0") drives the Bit-Match node to V DD , i.e., to full logical "High", thereby 

turning 'On' the pass transistor 419. Thus, pass transistor 419 begins to pull-down the ML, 

indicating a mismatch. Since the P-channe! pass transistor passes a logical "High" at a higher 

speed, therefore bootstrapping at the Bit-Match node, in the mismatch condition, is now less 
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significant than in prior art CAM cell 300. Thus, in the mismatch condition, the voltage at the 
Bit-Match node is "V DD ", thereby turning the pass transistor 419 fully ON. As a result, the 
discharging of ML through the pass transistor 419 is faster than prior art CAM cell 300. 
Therefore, the search access time in this type of cell implementation is shorter than that in 
prior art CAM cell 300, because the search access time in CAM cell is mainly determined by 
the discharge of ML (no discharge of ML in match condition, which is same as the precharge 
state of ML). 

In the second scenario the comparand bit matches the stored data bit, that is BLT and node T 
are at the same logic state and similarly BLF and node F are at the complement of that same 
logical state. In this condition one of pass transistors 417 or 418 (417 in this case as node T is 
at logical "0") pulls the Bit-Match node down to logical "0". In fact, in the match condition 
the voltage at the Bit-Match node is never at full logical "0" since the P-channel pass 
transistor cannot pass a full logical "0" but instead passes "Vtp" and bootstrapping effect at 
the Bit-Match node decreases the voltage below "V*" as the Search Enable Line rapidly 
switches from logical "High" to logical "Low" when a SEARCH is requested. This 
bootstrapping is sufficient to keep the pull-down transistor 419 turned OFF and therefore 
maintain ML at logical "High" indicating a match. 

Though the voltage at the Bit-Match node reduces due to bootstrapping, it can still be high 
enough to slightly tum-on the pull-down transistor 419, especially in designs where sub- 
threshold leakage currents are high. The worst case occurs when the data word stored in the 
CAM array perfectly matches the comparand word being searched. In such a case, all the 
pull-down transistors 419 of each and every CAM cell belonging to that word are slightly ON 
and may pull the ML sufficiently down to be detected by a high-speed match sense amplifier 
thereby, resulting in a wrong mismatch. This problem can be solved by making the threshold 
voltage "V ta " of the pull-down transistor larger than threshold voltage of the transistors 
417 and 418. 

This goal can be achieved by designing the pull-down transistor 419 with a large channel 

length. But this has a two-fold effect on the CAM cell, i.e., the area and the SEARCH access 

time will be large. On the other hand, a more advantageous solution is to use a dual-V t 

process as illustrated in the second embodiment of the present invention in CAM cell 500 of 

Figure 5. The CAM cell 500 of Figure 5 includes a SRAM cell for data storage, exactly the 
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same as the CAM cell 400 of Figure 4, comprising a pair of cross-coupled inverters formed 
by trans.stors 511, 512, 513 and 514 and a pair of access transistors 515 and 516 But the 
companson circuitry of the CAM cell 500 is slightly different from that of the CAM cell 400 
The P-channel transistors 517 and 518 of the comparison circuitry have a low- Vtp and the N- 
channel pull-down transistor 519 has a high-V ta to prevent the discharging of ML in match 
condition. 



A further advantage of using P-channel transistors 517 and 518 with low- Vtp is that they can 
now pass a full logical "High" at a higher speed at the Bit-Match node in the mismatch 
condanon. This increase in speed further allows for decreasing the width of the P-channel 
transfers 517 and 518 as compared to the equivalent transistors 317 and 318 of prior art 
CAM cell 300 of Figure 3. A*y decrease in the width of these P-channel transistors 517 and 
518 reduces the capacitive load on the bit lines and hence, increases the number, of CAM 
cells that can be coupled to each bit line. 

As soon as the SEARCH operation is over, both the bit lines BLT and BLF, Search Enable 
Line and ML return to their respectiv^tandby states (logical "High" for all). Subsequently 
bootstrapping occurs again at the Bit-Match node but this time in the opposite direction 
because the Search Enable Line rapidly switches from logical "Low" to logical "High". The 
following two cases can occur after this: - 

When a match is detected during the SEARCH operation, the voltage at the Bit-Match node 
becomes "0" and, after the SEARCH operation, it rises to its standby state value of V DD . 
Therefore, no problem is encountered in this case. 

One of the advantages of the CAMpray because the number of mismatches is typically 
much larger than the number of matches, then the voltage at the Bit-Match node would be 
V DD . After the SEARCH operation is over, voltage V DD tends to rise beyond V DD due to the 
bootstrapping. In fact, the voltage at Bit-Match node cannot increase beyond V DD because 
one of the P-channel transistors 417 or 418 (417 in this case as node T is at logical "0") 
always remains ON and hence Bit-Match node never becomes floating. As a result, any 
possibility of bootstrapping is eliminated at this node. Furthermore, even if the size of the P- 
channel transistor 417 is too small for removing the increased voltage at the Bit-Match node 
then also the voltage at the Bit-Match node cannot rise beyond "V DD+Vtp " This happens' 
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because the voltage "V DD +V tp " at Bit-Match node will also turn ON the other P-channel 
transistor 418, which in turn helps the P-channel transistor 417 in removing the increased 
voltage at the Bit-Match node. Thus, the voltage at Bit-Match node will remain at V DD , after 
a mismatch, as the Search Enable Line rapidly switches from logical "Low" to logical 
"High" as soon as the SEARCH operation is over. Therefore, the possibility of device 
degradation due to bootstrapping is completely eliminated thereby, increasing reliability. 

The CAM cells 400 and 500 of the present invention offer many advantages over the prior art 
CAM cell 300. One key advantage concerns the use of P-channel transistors in the 
comparison circuitry to provide a full logical "High" at a higher speed at the Bit-Match node 
in the mismatch condition of SEARCH operation, thereby, turning the pull-down transistor 
fully ON for providing high performance. A further advantage is in elimination of 
bootstrapping at the Bit-Match node as soon as the SEARCH operation is over, thereby 
eliminating the possibility of device degradation due to bootstrapping. The second 
embodiment of the present invention with dual-V t process, where P-channel transistors with 
low-Vtp are used in the comparison circuitry, allows an increase in the number of CAM cells 
that can be coupled to each bit line. 

One of the advantages of the CAM cell of the present invention over the prior art CAM cell is 
its layout. The conventional CAM cell 300 of prior art has an imbalance between the number 
of transistor types, leading to a non-optimized layout of the CAM cell. Out of the total of 9 
transistors, only 2 are P-phannel transistors. All the N-channel transistors of a cell need to be 
placed in a common P-well. The result is an unbalanced layout with regions containing N- 
channel transistors being highly congested while area is wasted around the remaining 2 P- 
channel transistors. It is well known in the industry that n+ to p+ spacing is usually kept large 
relative to other design rules in a typical CMOS fabrication process. Also, this n+ to p+ space 
can not contain any transistors. This requires the aspect ratio of the ceil to be made narrow, 
that is the smaller . dimension of a typical cell is in the direction of the line of the P-well 
separating N-channel transistors and P-channel transistors. This arrangement minimizes the 
area wasted in n+ to p+ spacing. However, it is difficult to achieve this layout if there is an 
imbalance between the number of N-channel transistors and P-channel transistors. On the 
other hand, the CAM cell of the present invention is more balanced in terms of the number of 
transistor types, i.e; 4 P-channel transistors and 5 N-channel transistors (as opposed to 2 P- 
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channel & 7N-channeI transistors of prior art), thereby leading to an area-efficient layout of 
the CAM cell. 

The description of the present invention has been presented for purposes of illustration and is 
not intended to be exhaustive or limited to the invention in the form disclosed. Many 
modifications and variations will be apparent to those of ordinary skill in the art. 
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We Claim: 

1. A Content Addressable Memory (CAM) cell providing improved speed and enhanced 
reliability, comprising: 

a data latch with complementary data terminals, 

a pair of complementary data lines that provide data connectivity with the data 
latch during read, write and search operations, 

a pair of input controlled switches that selectively couple the data latch 
terminals to the complementary data lines during read or write operations, 
a pair of output series pass transistors, each having its control terminal 
connected to a separate terminal of the data latch, one of its main terminals 
connected to a separate bit line, and the second main terminal connected to the 
corresponding terminal of the other series pass transistor, 
a Match Output signal line that identifies a match/no-match at the end of a 
' Search operation, 

an output controlled switch having its control terminal connected to the 
common main terminal of the series pass transistors, while one of its main 
terminals drives the Match Output signal line to provide the result of the 
search operation, and 

a Search Enable signal line that enables the output controlled switch only 

during the search operation, 
the arrangement being such that during the search operation neither of the output 
series pass transistors conducts if the complementary bit line data matches the data 
latch outputs, one of the output series pass transistors conducts maximally providing a 
minimal voltage drop and a low impedance charging path for the bootstrap 
capacitance at the enabled output controlled switch when the complementary bit line 
data does not match the latch data, and one of the series pass transistors conducts to 
discharge the bootstrap capacitance at the beginning of the precharge period of the 
complementary bit lines. 

2. A CAM cell as claimed in claim 1, wherein the output series pass transistors are P- 

channel MOS transistors with a relatively low threshold voltage, and the output 

controlled switch is an n-channel MOS transistor with a relatively high threshold 

voltage, and the complementary bit lines are precharged to a "high" level. 
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A method for providing a Content Addressable Memory (CAM) cell offering 
improved speed and enhanced reliability, comprising the steps of: 
providing a data latch with complementary data terminals, 
supplying a pair of complementary data lines that provide data connectivity 
with the data latch during read, write and search operations, 
selectively coupling the data latch terminals to the complementary data lines 
during read or write operations, 

connecting the control terminal of each of a pair of output series pass 
transistors to a separate terminal of the data latch, one of its main terminals to 
a separate bit line, and the second main terminal to the corresponding terminal 
of the other series pass transistor, 

providing a Match Output signal line that identifies a match/no-match at the 
end of a Search operation, 

connecting the control terminal of an output controlled switch to the common 
main terminal of the series pass transistors, while one of its main terminals 
drives the Match Output signal line to provide the result of the search 
operation, and 

supplying a Search Enable signal line that enables the output controlled switch 

only during the search operation, 
the arrangement being such that during the search operation neither of the output 
series pass transistors conducts if the complementary bit line data matches the data 
latch outputs, one of the output series pass transistors conducts maximally providing a 
minimal voltage drop and a low impedance charging path for the bootstrap 
capacitance at the enabled output controlled switch when the complementary bit line 
data does not match the latch [data, and one of the series pass transistors conducts to 
discharge the bootstrap capacitance at the beginning of the precharge period of the 
complementary bit lines. 

A Content Addressable Memory (CAM) cell providing improved speed and enhanced 
reliability substantially as herein described with reference to and as illustrated in 
figures 4 & 5 of the accompanying drawings. 
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5. A method for providing a Content Addressable Memory (CAM) cell offering 
improved speed and enhanced reliability substantially as herein described with 
reference to and as illustrated in figures 4 & 5 of the accompanying drawings. 

Dated this 20 th day of February, 2003 

of ANAND & AN AND, Advocates 

Agents for the Applicants 
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